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1,2 For example there is abundant literature on the mechanistic studies of the aminolysis of aryl thiocarbonates, 3 2a, with R = alkyl or aryl group. Kinetic studies on the aminolysis mechanisms of aryl carbamates, 1, are however relatively scarce, 4 albeit they (1) are structurally similar to the corresponding esters and carbonates. Recent works on the aminolysis of aryl thiocarbamates, 1a, with R = Et 4e and Ph 4d have indicated that the aminolysis rates with benzylamines in acetonitrile are more than 3 times faster with R = Et than with R = Ph in concerted processes. This rate enhancement with R = Et relative to R = Ph has been attributed mainly to a stronger push to expel the thiophenoxide leaving group by EtNH than by PhNH in the tetrahedral transition state.
It is, however, not well understood that (i) exactly what type of electronic effect is responsible for this push, e.g. is it a polar or a charge transfer effect? 2 and (ii) whether there is a steric inhibition effect operative with a bulkier phenyl group relative to an ethyl group or not. In order to shed more light on the aminolysis mechanism of aryl N,N-dimethyl thiocarbamates by elucidating effects of the nonleaving (RNH) group in 1a, we carried out kinetic studies on the aminolysis of aryl N,N-dimethyl thiocarbamates (ADTC; RH = (CH 3 ) 2 in 1a) with benzylamines in acetonitrile, eq. (1). We varied substitutents in the nucleophile (X) and leaving group (Z), and subjected the second-order rate constants (k2) to multiple regression analysis and determined the cross-interaction constant, 5 ρXZ, as defined by eqs. (2), (2a) and (2b).
log(kXZ/kHH) = ρXσX + ρZσZ + ρXZσXσZ
Experimental Section
Materials. Acetonitrile (Merck, GR) was used after threetime distillations. The benzylamine nucleophiles, Aldrich GR, were used after recrystallization.
Substrates. Phenyl N,N-dimethyl thiocarbamate: A solution of thiophenol 1.02 mL (10 mmol) in dry toluene (20 mL) was added to a solution of dimethylcarbamyl chloride 0.92 mL (10 mmol) . A catalytic quantity of KOH was added and the solution refluxed for 3 h. On evapolation of the solvent in vacuo, the phenyl N,N-dimethyl thiocarbamate precipitated and was recrystalized from ethanol. The other substituted phenyl N,N-dimethyl thiocarbamates were prepared in an analogous manner and recrystallized from petroleum ether. The substrates synthesized were confirmed by spectral and elemental analysis as follows. Kinetic measurement. Rates were measured conductometrically in acetonitrile. The conductivity bridge used in this work was a homemade computer-automatic A/D converter conductivity bridge. Pseudo-first-order rate constants, kobsd, were determined by the Guggenheim method 6 with large excess of benzylamine. Second order rate constants, k2, were obtained from the slope of a plot of kobsd vs.
[BA] with more than five concentrations of benzylamine. The k2 values in Table 1 are the averages of more than three runs and were reproducible to within ± 3%.
Product analysis. The substrate p-tolyl N,N-dimethyl thiocabamate (0.01 mole) was reacted with excess p-chlorobenzylamine (0.1 mole) with stirring for more than 15 halflives at 40.0 o C in acetonitrile (ca. 200 mL) and the products were isolated by evaporating the solvent under reduced pressure. The product mixture was subjected to column chromatography (silica gel, 20% ethyl acetate-n-hexane). Analysis of the product gave the following results. 
and benzylamine, respectively. The second-order rate constants, k2, summarized in Table 1 10 We note that in general RNH groups are stronger electron donors than the corresponding RO groups, and the two alkyl groups (R = Me2 and Et) have similar electron releasing effect, which is stronger than that for phenyl (R = Ph) group. The order of increasing electron donor ability can be given as shown in eq. 6. The stronger electron donor ability of the Me2N than PhNH group is thus reflected in the faster PhO < EtO << PhNH < Me2N ≅ EtNH (6) aminolysis rates for ADTC than for the corresponding reactions of APTC. Again, the order expected from the steric substituent constant, ES, 11 NHPh > NHEt > N(CH3)2 is consistent with the observed rate order (NHPh < NHEt < N(CH3)2). This comparisons clearly show that the polar and steric effects of the amino non-leaving group (RNH) on the rates of aminolysis are significant.
Note that the sign of ρXZ is invariably positive for stepwise but is negative for concerted reactions. 7 The definition of ρXZ requires that a stronger nucleophile (δσX < 0) should lead to a greater degree of bond cleavage (δρZ > 0) when ρXZ is negative. This trend is exactly opposite to a greater bond cleavage observed with a weaker nucleophile when ρXZ is positive. Since the aminolysis of N,N-dimethyl arylthiocarbamates involves a still stronger electron donor (PhNH < Me2N in Table 2 ) than in the corresponding concerted aminolysis reactions of N-phenyl arylthiocarbamates, it is reasonable to expect a concerted mechanism for the present series of reactions. Further support for the concerted mechanism is provided by a negative ρXZ (−0.31) obtained, 5, 7 and failure of the reactivity-selectivity principle (RSP). 4 This type of anti-RSP is considered another criterion for the concerted aminolysis.
4 It is also notable that the magnitude of ρ XZ (−0.31) value for ADTC is smaller than those for APTC (−0.63) 4d and AETC (−0.86). 4e This is consistent with somewhat lower degree of C-S bond cleavage in the TS for ADTC than those for APTC and AETC. Examination of Table 1 shows that the β X values are 0.8-0.9 which are rather larger than the values normally expected for the concerted aminolysis reactions, β X = 0.4-0.7.
12 However, β X values smaller than 0.4 13 and larger than 0.7 14 have also been obtained for the concerted aminolysis reactions. Especially in solvents less polar than water, larger β X values (1.3-1.6) are often obtained for the concerted processes. 15 Thus the large β X values in the present work may be due to the less polar solvent used, MeCN. The relatively large β X values are however consistent with the rather tight TS structure with a tighter bond formation. The β Z values in Table 1 are within the range of values that are expected for a concerted aminolysis reaction. 16 The kinetic isotope effects (kH/kD) involving deuterated benzylamines 17 (XC6H4CH2ND2) are presented in Table 3 . We note that the isotope effects are normal with kH/kD > 1.0 suggesting there is a hydrogen bond formed by the amino proton (N-H or N-D) in the TS, most probably with the negatively charged S atom in the leaving group. Since the large βX and βZ values suggest that the TS is a late type with a large degree of bond formation and bond cleavage the hydrogen bonding seems to be rather strong with relatively large values of kH/kD > 1.0. This is supported by a larger kH/ k D value for a stronger nucleophilie (δσ X < 0) and a stronger nucleofuge (δσ Z > 0) which will lead to a later TS in accordance with the negative ρ XZ ; a stronger nucleophile, δσ X < 0, gave a larger ρ Z value δρ Z > 0 so that ρ XZ = δρ Z / δσ X < 0, while a stronger nucleofuge, δσ Z > 0, gave a larger negative ρ X value δσ Z > 0 so that ρ XZ = δρ Z /δσ X < 0, while a stronger nucleofuge (δσ Z > 0) gave a larger negative ρ X (δρ X > 0) leading to ρ XZ < 0.
The activation parameters determined with the rate data at three temperatures are summarized in Table 4 . The values are well within the ranges obtained for the concerted reactions. However, it is difficult to distinguish by the magnitude of the activation parameters a stepwise from a concerted process.
In summary, we propose a concerted mechanism with a hydrogen bonded cyclic transition state for the aminolysis of aryl N,N-dimethyl thiocarbamates with benzylamines in acetonitrile based on the negative cross-interaction constant, failure of RSP, a strong push provided to expel ArS − by the nonleaving group, Me 2 N, the kinetic isotope effects greater 
